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Abstract
Starting from deformed AdS5 spaces due to the presence of modified warp factors in their metric
tensors, we use the AdS/CFT correspondence within this approach to calculate the spectra for even
and odd glueballs, scalar and vector mesons, and baryons with different spins. For the glueball cases
we derive their Regge trajectories and compare with the ones related to the pomeron and the odd-
eron. In the case of the scalar and vector mesons and baryons the masses found here are compatible
with the PDG. In particular for these hadrons we found Regge trajectories compatible with another
holographic approach and also with the hadronic spectroscopy which present an universal Regge
slope around 1.1 GeV2.
∗ eduardo_capossoli@cp2.g12.br
† miguelangel.martin@uv.cl
‡ lidanning@jnu.edu.cn
§ alfredo.vega@uv.cl
¶ boschi@if.ufrj.br
1
ar
X
iv
:1
90
3.
06
26
9v
2 
 [h
ep
-p
h]
  1
2 J
ul 
20
19
I. INTRODUCTION
Quantum Chromodynamics (QCD) is a non-abelian quantum field theory and it is the
appropriate theory to deal with the strong interactions. Although its enormous success
in high energies, it is very difficult to use QCD to investigate processes that occur at low
energies (IR regions) because the failure the perturbative approach in this case. This peculiar
feature of the QCD is related to the fact that it is a confining theory in the IR, implying
that only bound states of quarks or gluons are observed.
Hadronic spectroscopy still remains an amazing field to apply new approaches in order to
extract information about the hadronic properties once we can compare our results with the
experimental data. Many works were done in order to study hadronic spectroscopy using
AdS/CFT correspondence.
Among several techniques to handle it there is one that emerged in 1997 proposed by
Juan Maldacena called Anti de Sitter/Conformal Field Theory or AdS/CFT correspondence
[1–5]. This correspondence is very useful, once it teaches us how to relate a weak coupling
theory represented, in this case, by a superstring theory in a ten dimensional curved space,
named AdS5 × S5 with a strong coupling theory, in this case, a super conformal Yang-Mills
theory, with extended supersymmetry N = 4, symmetry group SU(N → ∞) in a flat four
dimensional Minkowski space.
Even so, one cannot used directly the AdS/CFT correspondence to reproduce QCD, since
it is not a conformal theory.
Some proposals appeared to break the conformal invariance and build effective theories
known as AdS/QCD models, as for example, the hardwall model. In this model the con-
formal symmetry is broken via an introduction of a hard IR cutoff at a certain value zmax
of the holographic coordinate z and just considering a slice of AdS5 space in the interval
[0, zmax] [6–8]. For the achievement related the hadronic spectroscopy within the hardwall
model one can see, for instance [9–15].
Another example of breaking the conformal invariance is given by the softwall model.
In this model one uses a soft IR cutoff via an introduction of a dilaton field in the action.
Such approach was proposed in [16] in order to study the mesonic spectroscopy. Usually one
refers to this model as the original softwall model. Soon after, other modifications of this
model to deal with hadronic spectroscopy were considered, for instance, in [17–26]. Going
2
further in some modification the Refs.[27–32] instead of the introduction of a dilation in
the action, a modified warp factor in the AdS metric was considered. Particularly, in [29]
such modification was proposed to study hadronic spectroscopy. Other modifications of the
softwall model were used in [28, 30, 31] to discuss the quark-antiquark potential and in [32]
to deal with scalar and tensor glueballs.
Here, inspired in [27–29], we will consider modified warp factors in theAdS5 metric instead
of introducing dilaton fields in the action. In this sense, in our set up we are considering
deformed AdS backgrounds. Then, within this approach we compute the hadronic spectra
for different particles with different spins. Actually, we will use the same form for the warp
factor in the metric just fitting the free parameter in each case. As we are going to see, the
values of the parameters are different for each sector. This situation is similar to the case of
the original softwall model where one needs different dilaton fields for each particle sector.
The main advantage of our approach is that we can also deal directly with fermions contrary
to what happens in the original softwall model. Furthermore, our approach also provides
good masses and Regge trajectories, for instance, for odd and even spin glueballs.
This work is organized as follows. In section II we will present a brief review of the
original softwall model and our deformed AdS background. In section III we apply our
model to the even and odd spin glueball states. In section IV, we study the case of scalar
mesons obtaining their spectra. In section V we will calculate the hadronic spectra for the
vector mesons and in section VI for the baryonic case with spins 1/2, 3/2 and 5/2. For
those particles we also obtain the corresponding Regge trajectories. In particular, for the
glueballs we derive the Regge trajectories related to the pomeron and the odderon. Finally
in section VII we will present our conclusions and last comments.
II. THE SOFTWALL MODEL AND THE DEFORMED ADS SET UP
There are, at least, two interesting reasons for the emergence of the Softwall model. The
first one is related to the introduction of the soft IR cutoff instead a hard cutoff like the
hardwall model, since this approach seems to be more natural than the other one. The
second reason lies in the fact that softwall model really provides linear Regge trajectories,
which was already a known behavior since the beginning of hadronic spectroscopy, so that
J(m) ≈ α′m2 + α0, (1)
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where J is the total angular momenta, m represents the hadronic masses, while α′ (Regge
slope) and α0 are constants. In this sense, one also can see a relationship between radial
excitation n and its squared hadron masses, given by:
m2 ≈ β′n+ β0, (2)
with β′ and β0 constants.
In the original formulation of the original softwall model, the action of the fields, up to
some constant, is described by:
S =
∫
d5x
√−g e−Φ(z)L, (3)
where Φ(z) is the dilaton field, usually given by Φ(z) = kz2, with |k| ∼ Λ2QCD, and L is the
Lagrangian density.
The main difference between the original softwall and the present work is that here we
modify the AdS5 metric tensor using an exponential warp factor for all glueballs and hadrons.
One should note that in Ref. [29] the authors have used different warp factor profiles, usually
logarithm ones, for each hadronic sector.
As we are using the same warp factor profile in the AdS space for all glueballs and hadrons
we are calling this approach here, as mentioned before, as a deformed AdS5 background.
Then, we write the deformed AdS5 metric as:
ds2 = gmndx
mdxn =
R2
z2
ekz
2
(dz2 + ηµνdx
µdxν) = e2A(z)(dz2 + ηµνdx
µdxν), (4)
where R is the usual AdS radius (from now on we take R = 1 throughout this text), ηµν is
the flat Minkowski space metric tensor in four dimensions with signature (−,+,+,+), z is
the holographic coordinate and xm = (z, xµ) for µ = 0, · · · , 3. The warp factor A(z) in (4)
can be read as:
A(z) = − log(z) + kz
2
2
. (5)
Now, in our model the action for the fields is simply:
S =
∫
d5x
√−g L, (6)
where g is the determinant of the five-dimensional metric tensor presented in (4).
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III. HADRONIC SPECTRA FOR GLUEBALLS STATES
Let us start this section quoting Fritzsch and Gell-Mann as pointed out in Refs [33, 34]. So
that, “If the quark-gluon field theory indeed yields a correct description of strong interactions,
there must exist glue states in the hadron spectrum”. This sentence does really reveals the
importance of those “glue states” nowadays called glueballs. Glueballs are colorless bound
states of gluons predicted by QCD but not detected so far.
Glueballs are characterized by JPC where J (even or odd) is the total angular momen-
tum, P is the P−parity (spatial inversion) and C = is the C−parity (charge conjugation)
eigenvalues. For the glueballs case P = (−1)L and C = (−1)L+S.
Many experimental efforts in order to search for glueballs were done as one can see for
instance in [35–38]. Within the theoretical and non-holographic approaches, one can see for
instance in [39–44]. On the other hand, for the holographic approach, one can see [45–54].
Here in this work based on a deformed AdS space, as discussed in the previous section, we
will compute the masses of the even spin glueballs with P = C = +1 and odd spin glueballs
with P = C = −1. Even spin glueballs with P = C = +1 are specially interesting since in
the Chew-Frautschi plane, their states lie on the Pomeron Regge trajectory. On the other
hand, odd spin glueballs with P = C = −1 lie on the odderon Regge trajectory.
After this quick digression about glueballs we will start our calculation using the standard
action for a massive scalar field X in 5D space, given by:
S =
∫
d5x
√−g [gmn∂mX∂nX +M25X2]. (7)
From the action (7) one can find the following equations of motion, so that:
∂m[
√−ggmn∂nX]−
√−gM25X = 0, (8)
where gmn = e−2A(z)ηµν .
The equations in (8) can be written as:
∂m[e
3A(z)ηmn∂nX]− e5A(z)M25X = 0, (9)
with the warp factor A(z) given in (5).
Now, defining B(z) = −3A(z), one has:
∂m[e
−B(z) ηmn∂nX]− e
−5B(z)
3 M25X = 0. (10)
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Next, we use a plane wave ansatz with amplitude just depending on the z coordinate and
propagating in the transverse coordinates xµ with momentum qµ,
X(z, xµ) = v(z)eiqµx
µ
. (11)
After some algebraic manipulation and defining v(z) = ψ(z)e
B(z)
2 one has a “Schrödinger-like”
equation:
− ψ′′(z) +
[
B′2(z)
4
− B
′′(z)
2
+ e
−2B(z)
3 M25
]
ψ(z) = −q2ψ(z), (12)
with B(z) = −3A(z) and E = −q2 are the eigenenergies.
A. Results for even and odd spin glueball spectra
In order to compute the glueball masses one has to solve numerically the Eq.(12). To do
this, firstly from the AdS/CFT dictionary we know how to relate the masses of supergravity
fields in AdS space (M5) with the scaling dimensions of an operator in the boundary theory
(∆), so that:
M25 = (∆− p)(∆ + p− 4), (13)
where p is the index of a p−form. For the case of the scalar glueball 0++ one has p = 0.
Besides the scalar glueball is dual to the fields with M5 = 0, then its conformal dimension
is ∆ = 4.
Secondly is also known that the scalar glueball state is represented on the boundary
theory by the operator O4, given by:
O4 = Tr
(
F 2
)
= Tr (F µνFµν) . (14)
In order to raise the total angular momentum J we will follow [11] by inserting sym-
metrised covariant derivatives in a given operator with spin S, such that, the total angu-
lar momentum after the insertion is now S + J . In the particular case of the operator
O4 = TrF 2, one gets:
O4+J = Tr
(
FD{µ1···DµJ}F
)
, (15)
with conformal dimension ∆ = 4 + J . For J = 0 we recover ∆ = 4.
So, for even spin glueball states after the insertion of symmetrised covariant derivatives,
one has:
M25 = J(J + 4) ; (even J) . (16)
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Even Glueball States JPC
0++ 2++ 4++ 6++ 8++ 10++
Masses 0.76 2.08 3.17 4.22 5.26 6.30
Table I. Even glueball masses expressed in GeV from Eq. (17) with the warp factor constant k
given by kgbe = 0.312 GeV2.
Now one can write Eq.(12) as:
− ψ′′(z) +
[
B′2(z)
4
− B
′′(z)
2
+ e
−2B(z)
3 J(J + 4)
]
ψ(z) = −q2ψ(z). (17)
Solving Eq.(17), for even glueball states, one gets the four dimensional masses presented in
Table I.
From Table I we plotted a Chew-Frautschi plane here represented as m2 × J , where J is
total angular momentum and m2 is the squared even glueball mass represented by the dots
in figure 1. From a standard linear regression method we obtain the equation
J(m2) ≈ (0.25± 0.02)m2 + (0.88± 0.51), (18)
representing an approximate linear Regge trajectory associated with the pomeron in agree-
ment with [55, 56].
On the other hand, for odd glueball states, the operator O6 that describes the glueball
state 1−− is given by:
O6 = SymTr
(
F˜µνF
2
)
, (19)
which has conformal dimension ∆ = 6 and after the insertion of symmetrised covariant
derivatives one gets:
O6+J = SymTr
(
F˜µνFD{µ1···DµJ}F
)
, (20)
with ∆ = 6 + J . Now one has:
M25 = (J + 6)(J + 2) ; (odd J) , (21)
and one can rewrite Eq.(12) as:
− ψ′′(z) +
[
B′2(z)
4
− B
′′(z)
2
+ e
−2B(z)
3 (J + 6)(J + 2)
]
ψ(z) = −q2ψ(z). (22)
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Figure 1. Approximate linear Regge trajectory associated with the pomeron from Eq. (18). The
dots correspond to the masses found in Table I for even glueball states within the deformed AdS5
space approach .
Odd Glueball states JPC
1−− 3−− 5−− 7−− 9−− 11−−
Masses 2.63 3.70 4.74 5.78 6.81 7.84
Table II. Odd spin glueball masses expressed in GeV from Eq.(22) with the warp factor constant
k given by kgbo = 0.312 GeV2.
Solving Eq.(22) for odd glueball states, one gets the four dimensional masses presented in
Table II.
From Table II we plotted a Chew-Frautschi planem2×J in figure 2 for odd spin glueballs.
From a standard linear regression method we obtain the equation
J(m2) ≈ (0.18± 0.01)m2 + (0.47± 0.45) , (23)
in agreement with [57], within the nonrelativistic constituent model.
One should note that the value for the constant k in the warp factor A(z) for even spin
glueball represented by kgbe and for odd spin glueball represented by kgbo have the same
numerical value kgbe = kgbo = 0.312 GeV2.
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Figure 2. Approximate linear Regge trajectory associated with the odderon from Eq. (23). The
dots correspond to the masses found in Table II within the deformed AdS5 space approach for odd
spin glueballs.
IV. HADRONIC SPECTRA FOR SCALAR MESONS
Mesons are a bound states between a quark and an antiquark which can be represented
by a spin singlet with total spin S = 0 or a spin triplet with total spin S = 1. Besides one has
to take into account the coupling between S and the orbital angular momentum L producing
a total angular momentum J = L in the case of the singlet state, and J = L − 1, L, L + 1
in the case of the triplet state.
From mesonic spectroscopy [58], mesons are characterized by IG(JPC), where I is the
isospin, G is the G-parity defined G = (−1)I = ±1, P is the P -parity defined for mesons as
P = (−1)L+1. Finally, C is the C-parity defined as C = (−1)L+S. On the boundary theory
scalar mesons are represented by the operator:
OSM = q¯ D{J1···DJm}q with
∑
i=1
Ji = J, (24)
where J is the total angular momentum.
In this section we are interested in light scalar mesons meaning J = 0 and unflavored
(S = C = B = 0).
Within the holographic approach the description of the scalar glueball (gg) and the scalar
meson (qq¯) is the same, but the main difference is given by the bulk mass, defining the hadron
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identity. Then, to study the scalar meson one has to start from action for a massive scalar
field (7) which will leads us to the “Schrödinger-like” equation (12).
A. Results for scalar mesons spectra
Using again the relationshipM25 = (∆−p)(∆+p−4), now identifyingM5 with the scalar
meson bulk mass, the index of the p−form with the total angular momentum (p = J = 0)
for the scalar meson and ∆ with their conformal dimension, which is ∆ = 3 since each quark
contributes with 3/2. Finally one can rewrite Eq.(12) with M25 = −3 as:
− ψ′′(z) +
[
B′2(z)
4
− B
′′(z)
2
− 3 e−2B(z)3
]
ψ(z) = −q2ψ(z), (25)
where B(z) = −3A(z). Solving numerically (25) with the warp factor constant k now
identified with ksm = −0.3322 GeV2 we get the masses compatible with the family of the
scalar meson f0, with IGJPC = 0+(0++), as can be seen in table III. Note that the error
presented in last column of Table III (%M) is the error defined by:
%M =
√(
δOi
Oi
)2
× 100, (26)
where δOi are the deviations between the data (Mexp) and the model prediction (Mth).
Throughout the text, in the cases where the experimental data comes as an interval, as the
f0(1370) state, we use the the average value of the interval to evaluate the deviations. We
also compute the total r.m.s error defined by:
δrms =
√√√√ 1
N −Np
N∑
i=1
(
δOi
Oi
)2
× 100 , (27)
where N and Np are the number of measurements and parameters, respectively. From (27)
one finds that δrms = 3.77% for table III.
From Table III we plotted a Chew-Frautschi plane here represented as n×m2, where n
is holographic radial excitation and m2 is the squared scalar meson mass represented by the
dots (our model) or squares (PDG) in figure 3. From a standard linear regression method
we obtain the experimental and theoretical Regge trajectories for the scalar meson f0 family,
so that:
m2Exp = (0.639± 0.027) n+ (0.458± 0.135) , (28)
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Scalar Meson f0 (0+(0++))
f0 meson Mexp GeV [59] Mth GeV %M
n = 1 f0(980) 0.990± 0.02 1.089 9.97
n = 2 f0(1370) 1.2 to 1.5 1.343 0.54
n = 3 f0(1500) 1.504± 0.006 1.562 3.87
n = 4 f0(1710) 1.723
+0.006
−0.005 1.757 1.96
n = 5 f0(2020) 1.992± 0.016 1.933 2.96
n = 6 f0(2100) 2.101± 0.007 2.095 0.27
n = 7 f0(2200) 2.189± 0.013 2.246 2.61
n = 8 f0(2330) 2.337± 0.014 2.388 2.17
Table III. Masses of light unflavored scalar meson f0 (S = C = B = 0). The column n = 1, 2, 3, · · ·
represents the holographic radial excitation of the scalar mesons. The ground state here is rep-
resented by n = 1. The column Mexp represents the experimental data coming from PDG [59].
The column Mth represents the masses obtained within the deformed AdS5 space approach using
Eq.(25) with ksm = −0.3322 GeV2. The column %M represents the error of Mth with respect to
Mexp, accordingly to Eq. (26).
m2th = (0.647± 0.002) n+ (0.513± 0.011) . (29)
The authors in Refs. [60, 61] within a holographic softwall model also computed the
masses for f0 meson family and derived its Regge trajectory slightly different from Eq.
(29). This can be possible explained since the data selection scenarios in these references
are different from the current work. In these references it was included the scalar meson
f0(500), and possibly, this might cause the slightly difference of the slope and the intercept
if compared to ours.
In order to connect our results with the mesonic spectroscopy data [58, 62–64] we can
split the isoscalar states f0 into two sets. The first set, namely set 1, is related to the
nn¯ = (uu¯+ dd¯)/
√
2 states which is represented by f0(980), f0(1500), f0(2020) and f0(2200).
The second set, namely set 2, is related to ss¯ states also called f ′0, which is represented by
f0(1370), f0(1710), f0(2100) and f0(2330).
Using the states that belong to set 1 we can plot a Chew-Frautschi plane here represented
as nr ×m2, where nr is spectroscopy radial excitation and m2 is the squared scalar meson
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Figure 3. Scalar meson f0 family squared masses as a function of their holographic radial excitation
n obtained within the deformed AdS5 space approach (dots) and coming from PDG (squares), as
presented in Table III.
mass represented by the dots (our model) or squares (PDG) in figure 4. From a standard
linear regression method we obtain the experimental and theoretical Regge trajectories for
set 1, given by:
m2Exp = (1.314± 0.017) nr − (0.285± 0.332) , (30)
m2th = (1.288± 0.009) nr − (0.117± 0.024) . (31)
Doing the same for the states belonging to set 2 we plot the figure 5 and obtain the
experimental and theoretical Regge trajectories, given by:
m2Exp = (1.236± 0.052) nr − (0.576± 0.142) , (32)
m2th = (1.300± 0.005) nr − (0.496± 0.012) . (33)
Note that the Regge trajectories for the scalar mesons belonging to the set 1 and 2 coming
from our model, represented by Eqs. (31) and (33), present Regge slopes ranged within the
1.25± 0.15 GeV2 which is close to the universal value 1.1 GeV2 [62, 65].
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Figure 4. Scalar meson f0 [nn¯ = (uu¯ + dd¯)/
√
2] states belonging to set 1 (see the text) squared
masses as a function of their spectroscopy radial excitation nr obtained within the deformed AdS5
space approach (dots) and coming from PDG (squares).
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Figure 5. Scalar meson f0[ss¯] states belonging to set 2 (see the text) squared masses as a function
of their spectroscopy radial excitation nr obtained within the deformed AdS5 space approach (dots)
and coming from PDG (squares).
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V. HADRONIC SPECTRA FOR VECTOR MESONS
Vector mesons have the same internal structure (qq¯) as the scalar mesons but now with
total angular momentum J = 1. They are represented on the boundary theory by the
operator:
OVM = q¯ γµD{J1···DJm}q with
∑
i=1
Ji = J . (34)
In the holographic description vector mesons are dual to the massive vector field in the
AdS5, then one needs the action for massive vector field, given by:
S = −1
2
∫
d5x
√−g [1
2
gpmgqnFmnFpq +M
2
5 g
pmApAm], (35)
where the vector field stress tensor is defined as Fmn = ∂mAn − ∂nAm.
The equations of motion are achieved by δS/δAn = 0, so that:
∂z[e
−B(z)Fznηnq] + ∂µ[e−B(z)ηmµFmnηnq]− e−3B(z)M25An ηnq = 0, (36)
where B(z) = −A(z).
Considering a plane wave ansatz with amplitude just depending on the z coordinate and
propagating in the transverse coordinates xµ with momentum qµ, we have
Aν(z, x
µ) = v(z)eiqµx
µ
ν , (37)
assuming Az = 0 and νν = ηνλνλ = 1 is the unitary 4−vector defined in the transverse
space to z coordinate, with components ν = 1/2(1, 1, 1, 1). We use the fact ∂µAµ = 0 that
implies qµµ = ηµλqµλ = q ·  = 0 ensuring that the field can be written as a plane wave.
Note that Fzn = ∂zAn and ηmµ∂µFmn = −q2An. After some algebraic manipulation and
defining v(z) = ψ(z)e
B(z)
2 , one has the ‘Schrödinger-like” equation, given by:
− ψ′′(z) +
[
B′2(z)
4
− B
′′(z)
2
+ e−2B(z)M25
]
ψ(z) = −q2ψ(z), (38)
where E = −q2 are the eigenenergies.
A. Results for vector mesons spectra
Here in this subsection we are going consider the case J = 1. Then recalling M25 =
(∆− p)(∆ + p− 4), now identifying M5 as the vector meson bulk mass, the index of p−form
14
Vector Meson ρ(1+(1−−))
ρ meson Mexp GeV [59] Mth GeV %M
n = 1 ρ(770) 0.77526± 0.00025 0.868327 12.0422
n = 2 ρ(1450) 1.465± 0.025 1.228 16.1775
n = 3 ρ(1570) 1.570± 0.070 1.50399 4.20467
n = 4 ρ(1700) 1.720± 0.020 1.73665 0.968271
n = 5 ρ(1900) 1.909± 0.042 1.94164 1.70972
n = 6 ρ(2150) 2.155± 0.021 2.12696 1.30123
Table IV. Masses of light unflavored vector meson ρ (S = C = B = 0) . The column n =
1, 2, 3, · · · represents the holographic radial excitation of the vector mesons. The ground state here
is represented by n = 1. The column Mexp represents the experimental data coming from PDG
[59]. The column Mth represents the masses obtained within the deformed AdS5 space approach
and using Eq.(39) with kvm = −0.6132 GeV2. The column %M represents the error of Mth with
respect to Mexp, accordingly to Eq. (26).
as total angular momentum (p = J = 1) for the vector meson and ∆ as the conformal
dimension, which is ∆ = 3 since each quark contributes with 3/2. Finally one can rewrite
Eq.(38) as:
− ψ′′(z) +
[
B′2(z)
4
− B
′′(z)
2
]
ψ(z) = −q2ψ(z), (39)
with B(z) = −A(z) and M25 = 0 for vector mesons.
Solving numerically (39) with the warp factor constant k now given by kvm = −0.6132
GeV2 we get the masses compatibles with the family of vector meson ρ, with IGJPC =
1+(1−−), as can be seen in table IV. Note that the error presented in last column of Table
IV (%M) was definied in Eq.(26). We also compute the total r.m.s error defined by Eq.
(27). For table IV one finds δrms = 7.87%.
From Table IV we plotted a Chew-Frautschi plane here represented as n×m2, where n
is the holographic radial excitation and m2 is the squared vector meson mass represented
by the dots (our model) or squares (PDG) in figure 6. From a standard linear regression
method we obtain the experimental and theoretical Regge trajectories for vector meson ρ,
so that:
m2Exp = (0.720± 0.076) n− (0.223± 0.302) , (40)
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Figure 6. Vector meson ρ family squared masses as a function of their holographic radial excitation
obtained within the deformed AdS5 space approach (dots) and coming from PDG (squares), as
presented in Table IV.
m2th = (0.754± 8× 10−7) n . (41)
We did not include the intercept in Eq. (41) because its value is very close to zero (≈ 10−18).
Note also that in Eq. (41) the uncertainty in the slope is very small indicating that this fit
is practically a straight line.
The authors in the Refs. [60, 61] within their holographic softwall model also computed
the masses for ρ meson family and derived its Regge trajectory obtaining approximately
the same value for the slope and intercept (considering the uncertainties) in relation to our
result, Eq. (41). It is worthy to mention that the data selection scenarios in those references
are different from the current work. In those references it was included the vector meson
ρ(1282) as the first radial excited state and it was excluded the vector meson ρ(1570) which
the authors argue that it may be an OZI violating decay of the ρ(1700). If we assume the
existence of the ρ(1282) as the first radial excitation (n = 2) of the ρ meson family, then the
corresponding percentage error %M in Table IV would be smaller as well as the δrms error.
As done for scalar mesons, one can resort to the mesonic spectroscopy data [58, 62–64]
and note that all vector mesons listed in Table IV are not in the same spectroscopic state,
meaning that only ρ(770), ρ(1450), ρ(1900) and ρ(2150) belong to the S−wave represented
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Figure 7. Vector mesons ρ belonging to S−wave (see the text) squared masses as a function of
their spectroscopy radial excitation nr obtained within the deformed AdS5 space approach (dots)
and coming from PDG (squares).
by 13S1, 23S1, 33S1 and 43S1, respectively. Here we have used the spectroscopic notation,
such as, n2S+1r LJ , where nr is the spectroscopy radial excitation. Using these states one can
plot in a Chew-Frautschi plane here represented as nr ×m2, where nr is the spectroscopy
radial excitation and m2 is the squared vector meson mass represented by the dots (our
model) or squares (PDG) in figure 7. From a standard linear regression method we obtain
the experimental and theoretical Regge trajectories for vector meson ρ belonging to the
S−wave, so that:
m2Exp = (1.363± 0.092) nr − (0.648± 0.252) , (42)
m2th = (1.357± 0.213) nr − (0.754± 0.584) . (43)
Note that the Regge trajectory for the vector mesons belonging to the S−wave coming
from our model, represented by Eq. (43), present a Regge slope in the range 1.25 ± 0.15
GeV2 which is close to the universal value 1.1 GeV2 [62, 65].
As a comment, if we follow the original motivation for the softwall model, it could be
natural to suppose ksm and kvm related to the string tension for the flux tube that connects
the two quarks inside the meson. This information is contained in the confining part of the
q q¯ potential, and it is, in principle, a spin independent term. Therefore, in the AdS/QCD
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models with dilatons in the action, the slope parameter should be universal for scalar and
vector mesons, as it happens in the usual soft wall model [16, 45].
It is interesting to point out that ksm and kvm are related, namely 3ksm ≈ kvm. This
quite interesting peculiarity possibly can be explained due to the fact that in the EOM for
scalar mesons, Eq.(9), we performed the following substitution B(z) = −3A(z). On the
other hand, in the EOM for vector mesons, Eq.(36), we have used B(z) = −A(z), and so,
leading to kvm ≈ 3ksm.
VI. HADRONIC SPECTRA FOR BARYONS
Within the quark model constituent baryons are particles with semi integer spin formed
by a bound state of three valence quarks. Of course, here, we are disregarding more complex
states of baryons composed by three quarks added to any number of quark and antiquark
pairs, as for instance, in pentaquark states (qqqqq¯). In this sense, one can use the following
description for baryons, so that:
|qqq〉A = |color〉A ⊗ |space; spin−flavor〉S . (44)
The three colors are represented by an SU(3) singlet, without dynamics and completely
antisymmetric. The spatial wave function is related to O(6) and the spin-flavor wave function
is related to the SU(6). For a review in baryon physics one can see for instance [66, 67].
Here, in this work we are interested in light baryons composed by u and d quarks with spin
1/2 and also with higher spins (3/2 and 5/2).
Within the holographic description of baryons are dual to the massive spinor fields in
AdS5. Then let us start our discussion from the free spinor field action without surface
terms [68–71]:
S =
∫
AdS
d5x
√
g Ψ¯( /D −m5)Ψ. (45)
One can note that we disregarded the hypersphere S5 since for our purposes the spinor
field does not depend on these coordinates. Besides, in the action (45), g is the determinant
of the metric of the deformed AdS5 space, given by (4).
Once we are dealing with fermions in a curved space, one needs to construct a local
Lorentz frame or a vielbein. In order to clarify our notation, we will use a, b, c to denote
indexes in flat space, andm,n, p, q to denote indexes in curved space (deformed AdS5 space).
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In addition, the Greek indexes µ, ν are defined in Minkowski space. Then, a useful choice is:
eam = e
A(z)δam, e
m
a = e
−A(z)δma e
ma = e−A(z)ηma, with m = 0, 1, 2, 3, 5. (46)
The Levi-Civita connection is defined as:
Γpmn =
1
2
gpq(∂ngmq + ∂mgnq − ∂qgmn), with gmn = e2A(z)ηmn. (47)
The corresponding spin connection ωµνm , is given by:
ωabm = e
a
n∂me
nb + eane
pbΓnpm. (48)
Since only non-vanishing Γpmn are:
Γ5µν = A
′(z)ηµν , Γ555 = −A′(z) and Γµν5 = −A′(z)δµν , (49)
we just have:
ω5νµ = −ων5µ = ∂zA(z)δνµ, (50)
and all other components vanishing.
The equations of motion are easily derived from (45), so that:
( /D −m5)Ψ = 0 and Ψ¯(−
←−
/D −m5) = 0. (51)
Now using (4), (46) and (50), one can write the operator /D in (51), so that:
/D ≡ gmneanγa
(
∂m +
1
2
ωbcmΣbc
)
= e−A(z)γ5∂5 + e−A(z)γµ∂µ + 2A′(z)γ5, (52)
where we used that γa = (γµ, γ5), {γa, γb} = 2ηab, and Σµ5 = 14 [γµ, γ5]. Here, γµ are the
usual Dirac’s gamma matrices.
The first Dirac equation in (51) takes the following form:
(
e−A(z)γ5∂5 + e−A(z)γµ∂µ + 2A′(z)γ5 −m5
)
Ψ = 0, (53)
where ∂5 ≡ ∂z, z is the holographic coordinate in the AdS space and m5 is the fermion bulk
mass. Considering a solution which can be decomposed into right- and left-handed chiral
components, such as:
Ψ(xµ, z) =
[
1− γ5
2
fL(z) +
1 + γ5
2
fR(z)
]
Ψ(4)(x) , (54)
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with Ψ(4)(x) satisfying the Dirac equation ( /D − M)Ψ(4)(x) = 0 on the four-dimensional
boundary space. The left and right modes also obey γ5fL/R = ∓fL/R and γµ∂µfR = mfL .
Since the Kaluza-Klein modes are dual to the chirality spinors, one can expand ΨL/R, so
that:
ΨL/R(x
µ, z) =
∑
n
fnL/R(x
µ)φnL/R(z). (55)
Using (55) with (54) in (53) one gets a set with two coupled equations, such as:(
∂z + 2A
′(z) eA(z) +m5 eA(z)
)
φnL(z) = +Mnφ
n
R(z) (56)
and (
∂z + 2A
′(z) eA(z) −m5 eA(z)
)
φnR(z) = −MnφnL(z). (57)
Decoupling Eqs.(56) and (57), and using the following changing of variables
φL/R(z) = ψ(z)e
−2eA(z) , (58)
one gets a Schrödinger-like equation written for both right and left sectors, given by:
−ψ′′R/L(z) +
[
m25e
2A(z) ±m5eA(z)A′(z)
]
ψR/L(z) = M
2
nψ
n
R/L(z), (59)
where Mn in Eqs. (59) are the four-dimensional fermion masses.
A. Results for spin 1/2 baryons spectra
In this subsection we will deal with light baryons with spin S = 1/2 formed by u and d
quarks. In order to do this, let us consider the following operator on the boundary theory:
OB = qD{`1···D`iqD`i+1···D`m}q ; with
∑
i=1
`i = L, (60)
where L is the orbital angular momentum. Here we are going to consider only the case
L = 0.
From the AdS/CFT dictionary one has following relationship for the fermion bulk mass
(m5) and its conformal dimension (∆), so that:
|m5| = ∆− 2 . (61)
As each quark u or d contributes with ∆ = 3/2, then the baryon formed by three quarks
has ∆ = 9/2 and consequently m5 = 5/2.
20
Baryons N(1/2+)
N baryon Mexp GeV [59] Mth GeV %M
n = 1 N(939) 0.93949± 0.00005 0.98683 5.04
n = 2 N(1440) 1.360 to 1.380 1.264 7.76
n = 3 N(1710) 1.680 to 1.720 1.531 9.94
n = 4 N(1880) 1.820 to 1.900 1.791 3.70
n = 5 N(2100) 2.050 to 2.150 2.046 2.58
n = 6 N(2300) 2.300+0.006 +0.1−0.005 −0 2.296 0.19
Table V. Masses of N(1/2+) baryons. The column n = 1, 2, 3, · · · represents the holographic radial
excitation. One should note that the ground state here is represented by n = 1. The column Mexp
represents the experimental data coming from PDG [59]. The column Mth represents the masses
of N(1/2+) baryons with k1/2 = 0.2052 GeV2 obtained within the deformed AdS5 space approach
and using Eq.(59). The column %M represents the error of Mth with respect to Mexp, accordingly
to Eq. (26).
Now replacing m5 = 5/2 in the Schrödinger-like equation (59) and solving it numerically,
with the warp factor constant k now identified by k1/2 = 0.2052 GeV2, one gets the masses
compatibles with the family of N baryon, with I(JP ) = 1/2(1/2+), as can be seen in table
V. Note that the error presented in last column of Table V (%M) was defined in Eq.(26). We
also compute the total r.m.s error defined by Eq. (27). For table V one finds δrms = 4.09%.
From Table V we plotted a Chew-Frautschi plane here represented as n ×m2, where n
is holographic radial excitation and m2 is the squared N(1/2+) baryon mass represented
by the dots (our model) or squares (PDG) in figure 8. From a standard linear regression
method we obtain the experimental and theoretical Regge trajectories for N(1/2+) baryon,
so that:
m2Exp = (0.863± 0.029) n+ (0.114± 0.111) , (62)
m2th = (0.860± 0.042) n− (0.081± 0.164) . (63)
As was done for scalar and vector mesons one can resort to the baryonic spectroscopy
and try to recognize which baryons among those listed in Table V belong to the same
spectroscopy state. Following refs. [66, 67], one can see that the states N(939), N(1440),
N(1710) and N(2100) belong to the state DL ≡ (56,2 8)0 with spectroscopy radial excitation
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Figure 8. N(1/2+) baryon family squared masses as a function of their holographic radial excitation
obtained within the deformed AdS5 space approach (dots) and coming from PDG (squares), as
presented in Table V.
nr, corresponding to nr = 1, 2, 3, 4, respectively, with orbital angular momentum L = 0. In
this notation, D represents the 56-plet which can be broken into an octet with spin 1/2 (28)
and a decuplet with spin 3/2 (410). For these mentioned states one can plot in a Chew-
Frautschi plane here represented as nr ×m2, where nr is the spectroscopy radial excitation
and m2 is the squared N(1/2+) baryon mass belonging to the (56,2 8)0 state represented
by the dots (our model) or squares (PDG) in figure 9. From a standard linear regression
method we obtain the experimental and theoretical Regge trajectories for N(1/2+) baryon
in the (56,2 8)0 state, so that:
m2Exp = (1.160± 0.090) nr − (0.384± 0.246) , (64)
m2th = (1.038± 0.204) nr − (0.320± 0.560) . (65)
Note that the Regge trajectory for the N(1/2+) baryon belonging to the same multiplet
coming from our model, represented by Eq. (65), present a Regge slope in the range 1.081±
0.036 GeV2 which is close to the universal value 1.1 GeV2 [72].
22
 m
2  (
Ge
V2
)
0,5
1
1,5
2
2,5
3
3,5
4
4,5
nr
0,5 1 1,5 2 2,5 3 3,5 4 4,5
Our Model
PDG
N(939) N(1440)
N(1710)
N(2100)
Figure 9. N(1/2+) baryons belonging to the (56,2 8)0 state squared masses as a function of their
spectroscopy radial excitation nr obtained within the deformed AdS5 space approach (dots) and
coming from PDG (squares).
B. Results for higher spin baryons spectra
Here we are interested in dealing with light baryons, with the same structure as in previous
section, and higher spin, meaning S = 3/2 or S = 5/2, for example. To do this we will use the
same approach for higher spin glueball as done in subsection IIIA. To get the spectrum for
spin 3/2 baryons we will insert symmetrised covariant derivatives in the operator OB given
by (60) then the conformal dimensions related to the spin 3/2 baryons is now ∆3/2 = 11/2,
with m5 = 7/2. Solving Eq. (59) with the warp factor constant k now given by k3/2 = 0.2052
GeV2, one gets the masses compatibles with the family ofN baryon, with I(JP ) = 1/2(3/2+),
as can be seen in table VI. Note that the error presented in last column of table VI (%M)
was defined in Eq.(26). We also compute the total r.m.s error defined by Eq. (27). For table
VII one finds δrms = 9.00%.
Observing the column (%M) in Table VI one can see that errors between Mexp and Mth
are too high, especially for n = 1 and n = 2 states. A possible reinterpretation would
be a missing state that represents the ground state for N(3/2+) baryons family. Taking
into account this assumption, regarding to a possible missing state, one can reinterpret the
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Baryons N(3/2+)
N baryon Mexp GeV [59] Mth GeV %M
n = 1 N(1720) 1.660 to 1.690 1.326 23.05%
n = 2 N(1900) 1.900 to 1.940 1.606 12.27%
n = 3 N(2040) 2.040+0.003−0.004 ± 0.025 1.878 8.72%
Table VI. Masses of N(3/2+) baryons. The column n = 1, 2, 3, · · · represents the holographic
radial excitation. One should note that the ground state here is represented by n = 1. The column
Mexp represents the experimental data coming from PDG [59]. The column Mth represents the
masses of N(3/2+) baryons with k3/2 = 0.2052 GeV2 obtained within the deformed AdS5 space
approach and using Eq.(59). The column %M represents the error of Mth, accordingly to Eq. (26).
Baryons N(3/2+)
N baryon Mexp GeV [59] Mth GeV %M
n = 1 1.326
n = 2 N(1720) 1.660 to 1.690 1.606 4.14
n = 3 N(1900) 1.900 to 1.940 1.878 2.19
n = 4 N(2040) 2.040+0.003−0.004 ± 0.025 2.144 5.09
Table VII. Masses of N(3/2+) baryons. The column n = 1, 2, 3, · · · represents the holographic
radial excitation. One should note that the ground state here is represented by n = 1. The column
Mexp represents the experimental data coming from PDG [59]. The column Mth represents the
masses of N(3/2+) baryons with k3/2 = 0.2052 GeV2 obtained within the deformed AdS5 space
approach and using Eq.(59). The column %M represents the error of Mth with respect to Mexp,
accordingly to Eq. (26). We presented in the first line a possible baryon prediction within our
model.
Table VI as done in Table VII, where in the first line we present a possible baryon prediction
obtained within this deformed AdS model. Note that the error presented in last column of
table VII (%M) was defined in Eq.(26). We also compute the total r.m.s error defined by
Eq. (27). For table VII one finds δrms = 2.13%. Of course we have excluded our prediction
of the errors calculation. Note that the errors in Table VI are smaller than in Table VII.
From Table VII we plotted a Chew-Frautschi plane here represented as n × m2, where
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Figure 10. N(3/2+) baryon family squared masses as a function of their holographic radial exci-
tation obtained within the deformed AdS5 space approach (dots), our model prediction (triangle)
and coming from PDG (squares), as presented in Table VII.
n is holographic radial excitation and m2 is the squared N(3/2+) baryon mass represented
by the dots (our model), by the triangle (our model prediction) or squares (PDG) in figure
10. From a standard linear regression method we obtain the experimental and theoretical
Regge trajectories for N(3/2+) baryons, so that:
m2Exp = (0.678± 0.117) n+ (1.517± 0.364) , (66)
m2th = (1.021± 0.017) n+ (0.501± 0.047) . (67)
For the linear fit in Eq.(67) we took into account our predicted state.
Note that the Regge trajectory for the N(3/2+) baryon family coming from our model,
represented by Eq. (67), present a Regge slope in the range 1.081 ± 0.036 GeV2 which is
close to the universal value 1.1 GeV2 [72].
At this point we are interested to deal with baryons with spin 5/2. To do this, let us,
once again, insert one more symmetrised covariant derivative in the operator OB given by
(60). Then, one has the conformal dimension, now given by ∆5/2 = 13/2, which provides
m5 = 9/2. Solving Eq. (59) with the warp factor constant k now given by k5/2 = 0.1902
GeV2, one gets the masses compatible with the family ofN baryons, with I(JP ) = 1/2(5/2+),
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Baryons N(5/2+)
N baryon Mexp GeV [59] Mth GeV %M
n = 1 N(1680) 1.665 to 1.680 1.542 7.78
n = 2 N(1860) 1.830+120−60 1.804 1.44
n = 3 N(2000) 2.090± 120 2.059 1.49
Table VIII. Masses of N(5/2+) baryons. The column n = 1, 2, 3, · · · represents the holographic
radial excitation. One should note that the ground state here is represented by n = 1. The column
Mexp represents the experimental data coming from PDG [59]. The column Mth represents the
masses of N(5/2+) baryons with k5/2 = 0.1902 GeV2 obtained within the deformed AdS5 space
approach and using Eq.(59). The column %M represents the error of Mth with respect to Mexp,
accordingly to Eq. (26).
as can be seen in table VIII. Note that the error presented in the last column of table VIII
(%M) was defined in Eq. (26). We also compute the total r.m.s error defined by Eq. (27).
For table VIII one finds δrms = 2.76%.
From Table VIII we plotted a Chew-Frautschi plane as n ×m2, where n is holographic
radial excitation and m2 is the squared N(5/2+) baryon mass represented by the dots (our
model) or squares (PDG) in figure 11. From a standard linear regression method we obtain
the experimental and theoretical Regge trajectories for N(5/2+) baryons, so that:
m2Exp = (0.785± 0.135) n+ (1.934± 0.291) , (68)
m2th = (0.931± 0.031) n+ (1.429± 0.068) . (69)
Note that the Regge trajectory for the N(5/2+) baryon family coming from our model,
represented by Eq. (69), present a Regge slope near the range 1.081± 0.036 GeV2 which is
close to the universal value 1.1 GeV2 [72].
At this point it is worth to mention that the numeric values of the warp factor constant
k for the baryons studied here are approximately independent of their spin, meaning that
k1/2 = k3/2 ≈ k5/2.
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Figure 11. N(5/2+) baryon family squared masses as a function of their holographic radial excita-
tion obtained within the deformed AdS5 space approach (dots) and coming from PDG (squares),
as presented in Table VIII.
VII. SUMMARY AND CONCLUSIONS
In this section we will summarize our results, and present our conclusions and last com-
ments.
Here in this work we have studied the hadronic spectra based on the holographic model
within deformed AdS5 space metrics meaning that the warp factor is A(z) = − log(z)+kz2/2
instead of A(z) = − log(z) as in the pure AdS space. This deformation implies that there is
no dilaton field in the action as in the original softwall model. Note that one needs different
values for the parameter k for each particle sector.
The main achievement of this work is to provide an approach which can accommodate
satisfactorily the spectra for even and odd glueballs, scalar (0+(0++)) and vector mesons
(1+(1−−)), N baryons with spin 1/2, 3/2 and 5/2 using the same holographic approach.
This means that the masses of these mentioned particles, computed using our model, and
the derived Regge trajectories are in agreement with the literature.
For the even and odd glueball cases, our model seems to work providing good masses,
as one can see in Tables I and II if compared with other approaches (for a summary with
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even and odd spin glueball masses from lattice and other models, see for instance refs. [54]
[47]). The computed masses for higher even and odd spin glueballs were placed in a Chew-
Frautschi plane m2 × J . We derived the Regge trajectories related to the pomeron and the
odderon also in agreement with the literature.
Our model also works for scalar mesons providing good masses for the f0 (0+(0++)),
as one can see in table III, if one compares with the data coming from PDG [59]. The
obtained Regge trajectory coming from m2× n is compatible with the one coming from the
holographic softwall model [60, 61]. Using the spectroscopy data for the scalar mesons we
could split them into two sets. The first one only contains nn¯ = 1/
√
2(uu¯ + dd¯) while the
second one only contains ss¯. For these sets we derived Regge trajectories in m2 × nr which
is compatible with the literature [62, 65].
For the vector meson ρ(1+(1−−)) our model provided good masses too, as shown in table
IV compared with PDG. The obtained Regge trajectory coming from m2 × n is compatible
with the one coming from the holographic softwall model [60, 61]. Using the spectroscopy
data for the vector mesons we selected the S−wave states and derived their Regge trajectory
in m2 × nr which is agreement with the literature [62, 65].
Our model also provides good masses for N(1/2+) baryon, as can be seen in table V,
compared with PDG. In this case we also have used the baryonic spectroscopic data to
select states in the same multiplet, just varying their radial excitation. From these states
we derived the Regge trajectory compatible with the literature [72].
For the N(3/2+) baryon we found not so good results for the masses as can be seen in
table VI. These results could be improved if we introduce a hypothetical baryonic state in
order to occupy the ground state (table VII). Using this assumption the errors decrease and
the derived Regge trajectory is compatible with the literature [72].
Finally, for the N(5/2+) baryon our model provide good masses as can be seen in table
VIII, if compared with PDG and the Regge trajectory is in a reasonable agreement with the
[72].
It is important to note that in our model the form of the warp factor is the same for
all particles studied here, but the parameter k is adjusted for each case. Note that in
ref. [29] the authors have different warp factors for each kind of particle which are angular
momentum dependent. In our case, for even and odd glueballs the value of k is the same,
kgbe = kgbo = 0.31
2 GeV2. For scalar and vector mesons we found that kvm ≈ 3ksm, as
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discussed at the end of subsection VA. For the baryonic case, we found k1/2 = k3/2 ≈ k5/2.
The Regge trajectories presented in this work related to hadronic spectroscopy for scalar
mesons (31), (33), vector mesons (43), and baryons (65), (67), (69) points towards a universal
Regge slope around 1.1 GeV2 in accordance with the literature [62, 65, 72, 73].
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